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REMARKS 

Claims 18~:t0 are pending. Claims 18-30 stand as rejected, and Applicants respectfully 
request reconsiders tion of the rejections in based upon the comments below. 

Rejections Under 35 U.S.C. 6 112 

The Examiner rejected claims 18-21, 23-28 and 30 under 35 LLS.C. § 112, first 
paragraph, as containing subject matter which was not described in the specification in such a 
way as to reasonably convey to one skilled in the relevant art that the inventor(s) 7 at the time the 
application was filed, had possession of the claimed invention. Specifically, the Examiner 
asserted that 'then is no support for 150 ran, 125 nm or 25 nm as the upper limit" Applicants 
respectfully request reconsideration of the rejection in view of the following comments 

"With respect to changing numerical range limitations, the analysis must take into 
account which ranges one skilled in the art would consider inherently supported by the 
discussion in the oiginal disclosure/' See MPEP § 2163.05. For example, the Court of Customs 
and Patent Appea] > held that a disclosure of a range of 25% to 60% solids content, which was 
supported by two examples that fell within that range, was sufficient support for a claim to a 
range of 35% to 60%. In re Wertheim, 191 USPQ 90, 98 (CC.P.A., 1976). The court further 
held that: "Inventions are constantly made which turn out to be patentable, and applicants 
frequently discove : during the course of prosecution that only a part of what they invented and 
originally claimed is patentable. ... To rule otherwise would let form triumph over substance, 
substantially eliminating the right of an applicant to retreat to an otherwise patentable species 
merely because he erroneously thought he was first with the genus when he filed." Id. at 97. 
"The burden of sh wing that the claimed invention is not described in the specificatinn rests on 
the PTO in the first instance, and it i$ up to the PTO to give reasons why a descripiion not in 
ipsis verbis is insufficient." Id. 
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Applicants' specification discloses that the collection of particles generally has an 
average particle sh e "preferably from about 5 nm to about 500 ran, more preferably from about 
5 ran to about 100 mn, and even more preferably form about 5 nm to about 50 J\m." See 
specification, for example, at page 17, lines 11-16. Additionally, the specification discloses a 
specific example where the collection of particles has an average particle size of about 20 nm. 
See Applicants' s] deification, for example, at Fig. 3. Thus, Applicants submit that one of 
ordinary skill in he art would, based upon the disclosed particle size ranges and specific 
example, consider the upper particle size limits of 25 nm, 125 nm and 150 nm inherently 
supported by the original disclosure. Additionally, Applicants submit that the Examiner has not 
met their burden cf showing that Applicants' specification is insufficient to support the claimed 
upper particle size limits and that the Examiner has not presented a prima facie case for lack of 
•written description. 

Since Appl icants' disclosure adequately supports upper particle size limits of 25 nm, 125, 
nm and 150 nm, Applicants respectfully request withdrawal of the rejections under 35 U.S.C. § - 
1 12, first paragraph as containing subject matter which was not described in the specification. 

Tgq fi r.tinns Under 1 IS. Patent 5.840.1 1 1 

hi the Office Action of May 21, 2003, the Examiner rejected claims 22 and 2") under 35 
U.S.C. § 102(b) as being anticipated by U.S. patent 5,840,111 to Wiederhoft et al. (the 
Wiederhoft pateni). Applicants assume that the Examiner intended to reject claims 18-30 as 
being anticipated ! >y the Wiederhoft patent to be consistent with tbe Office Action Susomary and 
with rejections in previous Office Actions. Specifically, the Examiner asserted that "Wiederhoft 
teaches rutile titanium dioxide particles having a maximum value of the particle size <listribution 
between 1 and 10 nm." In response to Applicants' previous arguments, the Examiner pointed to 
EP 444,798 for support for the Wiederhoft patent producing rutile titanium dioxide. In order for 
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a reference to anticipate an invention, the reference must disclose each claimed element. 
Applicants submit that the Wiederhoft patent fails to disclose submicron titanium dioxide 
particles as descrited and claimed by Applicants, and therefore the Wiederfoht patent does not 
prima facie anticipate Applicants' claimed invention. Applicants respectfully request 
reconsideration of ihe rejection in view of the following comments. 

The Wiederhoft patent discloses titanium dioxide solutions or sols, which generally 
comprise aqueous mixtures of precipitates, alcohols and hydroxide ions. See the Weiderholf 
patent at column >, lines 24-31. In particular, the titanium in the sols generally exists as an 
hydroxide rather tun an oxide, and thus the sols must be dried in order to produce titanium 
dioxide. The Wie. lerhoft patent does not disclose drying the sols to form titanium dioxide. The 
dried materials for n agglomerates. European Patent Application 444,798, which is referenced in 
the Wiederhoft pal ent, discloses that compounds made by the sulphate process have to be ground 
after drying to yield noD-agglomerated particles. See EP 444,798 at page 5, lines 10-1 1. A copy 
of the EP 444,798 reference is attached for the Examiner's convenience, Thus, the dried 
products produced by the sulfate method are agglomerated masses, not particles, which have to 
- be milled in order to produce non-agglomerated particles. Therefore, the Wiederhoft patent does 
not disclose submicron titanium oxides particles because the Wiederhoft patent generally only 
discloses aqueous sols, and the products that result from drying the sols agglomerated masses. In 
contrast, Applicants' invention, as claimed in independent 18, relates to a "collection of 
nanoparticles, the nanoparticles comprising rutile titanium dioxide." Applicants use the term 
particles to inclu le generally un-agglomerated forms of titanium dioxide. See throughout 
Applicants' speciacation. Since the Wiederhoft patent fails to disclose un-agijlomerated 
submicron rutile ttanium dioxide particles, the Wiederhoft patent does not prima fecio anticipate 
Applicants' claim* id invention. 
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Since the Wiederhoft patent does not anticipate Applicants' claimed invention, 
Applicants respectully request withdrawal of the rejection under 35 U.S.C. § 102(bi as being 
anticipated by the 1 Viederhoft patent. 

RR fotimifi TJnderU.S. Patent 3.923.968 

The Examiner rejected claims 22 and 29 under 35 U.S.C. § 102(b) as being anticipated by 
U.S. patent 3,923,968 to Basque et al. (the Basque patent). Applicants are confuted by the 
rejected claims since the corresponding independent claim was not included in the rejection. 
Applicants respect-ully request clarification. Witb respect to the rejection, the Examiner asserted 
that the Basque pa.ent discloses "rutile titarjiom dioxide particles having an effective diameter of 
not larger than 10C nm, in particular a diameter range of from 10 to 100 nm." Applicants submit 
that the Basque pa.ent fails to disclose a collection of particles with the claimed unifon n particles 
distribution. Theiefore, the Basque patent does not anticipate Applicants' claimed invention. 
Applicants respectfully request reconsideration of the rejection in view of the following 
comments. 

In order for a reference to anticipate an invention, the reference must disclose each 
claimed element. While the Basque patent is generally directed towards a method of preparing 
titanium dioxide .iigment, the Basque patent does not disclose a collection of nanoparticles 
comprising rutile titanium dioxide wherein effectively no particle has a diameter greater than 
about four times the average diameter. In contrast, Applicants' invention, as claimed in 
independent claim 18, relates to a collection of nanoparticles comprising rutile titanium dioxide 
wherein "effectively no paricles have a diameter greater than about four times tlie average 
diameter. Since the Basque patent fails to disclose this feature of Applicants' claimed invention, 
the Basque patent does not prima facie anticipate Applicants' invention. 
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Since the Basque patent does not anticipate Applicants* claimed invention, Applicants 
respectfully reques the withdrawal of the rejection under 35 U-S.C § 102(b) as being anticipated 
by the Basque pate it. 

CONCLUSION 

In view of 1 he foregoing, it is submitted that this application is in condition for ; dlowance. 
Favorable consider ation and prompt allowance of the application are respectfully requested. 

The Examiner is invited to telephone the undersigned if the Examiner believes it 
would be useful to advance prosecution. 

Respectfully submitted, 

Peter S. Dardi, FhiX 
Registration No. 39,650 

Customer No. 241 13 

Patterson, Thuente , Skaar & Christensen, P.A. 

4800 IDS Center 

80 South 8th Streec 

Minneapolis, Minnesota 55402-2100 

Telephone: (612) J49-5746 
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@ A new metliod of preparing titanium dioxide. 



© The rnventio i relates to a method of preparing micrarystalline titanium dioxide, in which 

a) the solid til 3nium dioxide hydrate is treated with a base, 

b) the preclpi ate treated with the base is treated with Irydrochloric acid, and 

c) the precipfiate treated with the base and the hydrochloric add is neutralized. 

It has been toted that usable rutile crystals, a more appropriate crystal sizb and crystal si2e distribution and 
that chemicals < an be saved if as the final hydroohlorio acid content of the stage a) is adjusted a lover value 
than usually, being about 8 to 25g/liter, for the precipitation of mlcrocrystalBne titanium dioxide, Utreby tha 
neutralization of the stage c) can also be carried out by raising the pH to a higher value than usually, i.e. the 
value about 4.0 -"o 6.0. 
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The invention relates to a new method of preparing microcrystanine titanium dioxide, having the crystal 
size<100nn, in which 

a) the so id titanium dioxide hydrate is treated with a base, 

b) the pn icipitate treated with the base is treated with hydrochloric acid, and 

s c) the pn cipitate treated with the base and the hydrochloric add is neutralized. 

The pre parties of the microcrystalline titanium dioxide differ from the properties of the usual titanium 
dioxide kno vn as white pigment The differences are due to the dissimilarities In the crystal siz >, for the 
crystal size of the microcrystalline titanium dioxide (10-100nm) is about 5 to 10 times smaller than the 
crystal size of the normal titanium dioxide (160 to 250nm). The crystal size becoming smaller the coverage 

to of titanium iloxide in the range of visible light disappears and the pigment becomes transparent On the 
other hand. thB permeability of UV-light decreases. Accordingly, the microcrystalline titanium dioxide is 
suitable for a UV-protective agent. Thanks to the small crystal size and the great specific surfaci titanium 
dioxide can be used as an effect pigment among other things in catalysts, ceramics and paints. 

The preparation of microcrystalline titanium dioxide needs a process of its own In which the difficulty 

ts lies in the c eatfon. controlling and retaining of the small particle size throughout the process. The ' »ntro1 of 
the purity snd the crystaJ size distribution are important factors when assessing the various rrMhods of 
preparation. Moreover, the preparation processes must be economically profitable and ecologically benefi- 
cial. Differei t crystal forms can be achieved by different methods. Rutile is Known as a durable crystal form 
and its pern eabllity to uv-ilght is less than that of anatase. 

20 It is possible to prepare microcrystalline titanium dioxide by many different methods either by gas 
phase or by precipitating technique. 

The trtenium source or tfte titanium containing material can be e.g. titanium tetrachloride: titanium 
alcoxide or itanium hydrate prepared from il men foe. For the preparation of rutile precipitation methods have 
been patened. in the JP patent 86/049250 a method of preparing microcrystalline titanium dioxide. 

25 aftertreated with aluminum and/or silicon dioxide, from titanium hydrate prepared from ilmi nite and 
ammonia has been briefly presented. By using ammonia the bringing of foreign metal cations into the 
pigment Is ; voided but, on the other hand* you are compelled to handle troublesome ammonia rea> jent The 
crystal form of the product is not mentioned in the patent specification, but it is not necessarily nrtile- in a 
later applies bon JP 57/07BB1 of the same Japanese applicant a similar method of preparation is presented 

so by which fir ely-divided anatase is created. Rutile is prepared in the same patent with a recipe stai ting from 
titanium tetacfUoride. The neutralization is carried out with NaOH and water additions. The precipitation 
concentration is 30g/Iiter TiOg. 

In DE 3817909 preparation of microcrystalline titanium dioxide both from ilmenite and titanium 
tetrachloride is presented. The titanium hydrate mass prepared from Ilmenite is Veated with sodium 

as hydroxide tn a titanium hydrate cake containing sodium. The pH is first set to the value 2.8 to C>.0 with a 
hydrochloric acid addition and at a later Stage Of the cooking the ratio between the acid and the titanium 
dioxide is a< (justed to the value 0-26. At the end of the cooking the slurry is neutralized to the pH-value 7-5, 
after which he titanium dioxide Is filtered and washed Then the pigment is sand ground and aft ^treated 
with ahjmin'im and/or silicon dioxide. The crystals of the microcrystalline titanium prepared in this way 

40 become acicular. A drawback of the method Is hereby for many purposes e.g. that the pigment Is not 
calcinated, 'vrtereby the crystals would become rounder and the crystal size could be regulated. A further 
drawback o this known method is that the hydrochloric acid amount which is added to create the rutile 
crystals Is c ^pendent on the titanium dioxide concentration. 

The wa.- h of the titanium dioxide so as to become free from the precipitation salts i3 rather laborious, as 

45 the final not hralization is carried out to the pH-value 7. 

The sat le drawbacks also apply for the preparation of microcrystalline titanium dioxide from titanium 
tetrachloride presented In the same DE application. 

in the <:a patent specification 862.142 a very similar method of preparation is disclosed is in the 
above-ment oned DE publication in which the starting material is Ilmenite but after the neutralization of the 

so precipitation (with ammonia to the pH-value 8,5) the composition is cooked before the filtration and the wash 
and the so-ialled calcination chemicals (K2O. P2O5) are added and the titanium dioxide is calcinated. This 
method does not any longer produce titanium dioxide which is sufficiently microcrystalline. but the crystal 
size achieved Is 50 to 150nm. 

In the n ethod presented In the JP patent application 59223231, in which the starting material H' titanium 

55 hydrate ma rs, acicular rutile crystals are produced, which are coated with organic aluminum compounds. 
The titanium dioxide Is not calcinated, for which reason the regulating of the crystal size is troLblesome. 
The filtratioi difficulties are overcome by mean3 of an organic after-treatment Hereby, hovovor, no 
conventiona inorganic treatment recipes of titanium dioxide can be applied. 
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(n the ;orrespondlng method of preparation starting from the titanium hydrate mass the JP jubllcatfon 
62/235215 suggests solving the fiJtration and drying problem by means of a filtration film of iqdA and 
freezing dning. The method is troublesome, apt to disturbances and unnecessarily expensive. 

An aim of the present invention is to pr^pote microcrystalline titanium dioxide particles in ruJIe crystal 
s form, form a crystal size and crystal size distribution of the product as advantageous as possible, use as 
cheap and easily handled chemicals and devices as possible and to save as much process chemicals as 
possible. 

The at ove-mentioned alms have been reached in the present invention by means of the 1 Dur-phase 
method me ntioned. which is mainly characterized in that the base treatment of the stage a) is can led out to 
10 an alcalic p H-value and to the final hydrochloric acid content is adjusted 9 to 25g/lrter for the precipitation of 
the rutile-fcrmed titanium diorfde. 

Accord ngry, the invention differs at least in two points from the prior art. 

Firstly, it has been noted that rutlle crystals are produced in a solution In which the measured HCJ- 
concerrtrati m is about 6 to 25 g/lrter independent of the concentration of the titanium dioxide. Accordingly. 
is microcrysfe Ifine titanium dioxide having a more preferable crystal form is produced when a lower hydrochlo- 
ric acid c jncentration than usual is used. Neither is a precise knowledge of the titanium dioxide ' 
concentrati m necessary any more, nor must the acid addition be increased as a function of tho titanium 
dioxide concentration. At the same time chemicals are saved because greater consistencies thus also 
become possible- 

20 Seconc ly, it has been noted that the pH-value of the final neutralization taking place in stagi: c) has a 
decisive of set on the filtrability of the precipitation mass and to its washing off of salts. The optimal pH- 
values of lie final neutralization varying between about 4.0 to 6.0 were found and are thus liwer than 
previously. As the hydrochloric add used in the precipitation Is neutralized in the very final neutralization 
stage menl oned it can be seen that also synergy occurs between the two steps mentioned as far as the 
35 quality of t *e product and the saving of chemicals are concerned- Accordingly, the invention is iecisively 
helpful In tt e technical realization of the microcrystalline titanium dioxide and is very inexpensive. 

In the 1 rst stage of the process according to the present invention the titanium-containing sul jstance is 
in aqueous medium brought into contact with a first base. 

The titmium-containing substance can be any titanium compound of a commercial process which Is 
30 capable of precipitation and re-crystallization. According to a preferred embodiment it is a washe-i titanium 
dioxide hyc rate prepitate obtained from a sulfate process, whereby it has been prepared by 

i) bringing ilmenite, its concentrate, or any other unpurified titanium dioxide raw-material to react with 
sufphurii ; acid, 

n) disso) ring the solid reaction product produced by means of water and e^g- waste acids of the process, 
35 5i) reduc fng and clarifying the dissolved reaction composition, 

iv) conci intratlng the solution obtained by dissolution from the reaction composition, 

v) precif itating the titanium containing substance from the solution by means of hydrolysis, and 

vl) washng the precipitation mass obtained in stage a) for the use as a titanium containing substance. 
When 1 ie titanium containing substance is this land of an intermediate product of a sulfate piocess the 

«o method is r. referably carried out In the following manner: 

The solid lianium dioxide hydrate Is treated with the first base, preferably with an aqueous solution of 
sodium hydroxide at an elevatBd temperature, after which the obtained titanium mass treated ;n base is 
washed, pr sferably hot, filtered and elutriated again. Then the temperature of the slurry is raise* 1 to about 
60* C. Hereby, it 13 preferable that before the raise of temperature the pH is adjusted by hydrochloric acid 

45 to the valuj of about 1.5 to 2.0, and preferably to the value about 1.8. Finally, the eoneentraton of the 
hydrochloit : acid is adjusted to the mentioned final hydrochloric acid content of the stage h) for the 
precipitation of the microcrystalline titanium dioxide. 

Hereby It Is advantageous that the base treatment i.e. the stage a) is carried out at the temperature of 
about 95 ' (:. The base treatment of the stage a) is preferably carried out so that the base con«»ntration 

so correspond ; to about 300 to 3500 NaOH/llter of H2O- 

The co icentration of the stage b) is in the beginning preferably about 95 to IfiOg/liter. As has been 
stated abo\3 about 8 to 2Sg7llter has been adjusted as the final hydrochloric acid content of the 5 -age a), ft 
is more pri ferabie to adjust the content to the value 8 to 15g/liter and most preferable to adjust; it to the 
value 6 to I2g/liter Le. about I0g/liter. 

55 After th* final hydrochloric acid content of the stage b) mentioned has been adjusted, the composition 
I3 preferably still heated before the neutralization of the stage c). When washed titanium dioxide hydrate 
precipitate rtrtained from the sulfate process is used the heating preferably comprises a slow healing to tho 
boiling poir t and cooking for about two hours. The precipitate to be treated is at the stage b) in ti«e form of 
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slurry, the c :ntent of which is at least 70g/Uter, preferably 70 to i80g/oter. 

The nejtralization of the composition obtained from the stage b> is carried out In stag*- c). The 
nsutralizaticn is carried out by raising the pH to the value above about 4.0. but below aboui 6.0 and 
preferably t > the value about 44 to 5.0. The neutralization is preferably carried out with sodium rydroxrde 
s or sodium c arboriate. 

After th a neutralization of the stage c) the reaction composition is optionally treated further in stage d). 

After the st ige c) a filtration and wash of the microcrystalline titanium dioxide precipitate Is almcst always 

carried out When, according to the present invention the neutralization Is carried out cautiously to the pH- 

vafue belov 6 and still more preferably below 5. the filtration and wash succeeds particularly well and 
io almost ail : odium and chloride ions affecting detrimentally the further treatment of the produ< t can be 

removed In m the precipitate. 

When 1 is filtration and wash stage Is performed, the further treatment stage d) preferably conprises at 

least the calcination of the purified neutralized composition, preferably at the temperature 350 to 800 'c. 

Hereby it i ; particularly preferable to adjust the crystal size of the microcrystalline titanium dioxide by 
i$ means of U e calcination temperature. The crystal size and the crystal size distribution can be readily and 

precisely regulated by the calcination parameters of salt-free. rutile4ormed titanium dioxide rrass. The 

crystals of 1 ie calcinated pigment are ellipsoidal in form (oval). 

The fur her treatment d) of the method according to the Invention can also comprise stages vvhich are 

similar to the aftertreatmerrt stages of the usual titanium dioxide pigment Hereby, similar dispersion and 
20 weather-res stance properties are achieved as with titanium dioxide pigment The product obtained from the 

calcination *vn be rough-ground e.g. with a hammer grinder and finely ground e_g. by sand grinder 

After ft a grinding the microcrystalline titanium dioxide is treated with treatment recipes oi titanium > 

dioxide pig nent In use so that the surface of titanium dioxide Is coated with aluminum, siDcon and/or 

zirconium o dde hydrate or oxide. On the surface of the pigment there might be from 0 to 10% of .aluminum 
25 oxide, from 0 to 10% of silicon dioxide and zirconium oxide calculated as zirconium from 0 to 5%. The 

treated pig nent is dried, before which It Is treated with an organic auxiliary agent, such as e.g. 

trimethytole hane or silicon (see R patent specification 57124). 

Trie mi ^rocrystairtne TICfe-plgment can finally be ground with an efficient mill. The finely-ground 

microcrysta line TiOa-pigment treated with various coatings is suitable for use as effect pigments e.g. In car 
30 paints, as L VA- and a U VB-protectrve agent in cosmetic, as UV-protective agent In timber protec don or in 

packing pla sties for foodstuffs to protect a UV-ilght sensitive foodstuff. 



ss The pre paration of titanium dioxide by sulfate method is began by the ilmenite concentration reaction 
together wth sulphuric acid. The created solid reaction cake is dissolved by means of water end waste 
adds. The impurities are removed and the Iron sulfate is crystallized away. The titanium contalnln j solution 
is conoentn ted and the titanium dioxide hydrate is precipitated by hydrolyzation. This preripftatiDi mass is 
washed In ;.-everal stages so as to become free of salts. I400g of this washed filtration cake is elutriated 

40 with 1200m: of distilled water. The slurry Is made strongly basic by adding at 60* C 1070ml »if NaOH- 
solution (70)g/|rter). The temperature of the slurry is raised to 95* C and the slurry is agitated for wo hours 
at this temf erature. After this the sulfate Ions are removed from the titanium hydroxide mass by washing 
the slurry ft r so long with hot distilled water that no phosphates are found in the filtrates when prt^cipitation 
Is carried oi t with barium chloride. 

45 The filtr 5te cake which is free from sulfates is elutriated into distilled water so that the concentration of 
the dispersbn expressed as titanium dioxide is about 180g/llter. The pH of the slurry is set to 1.8 1 .y adding 
37% hydra hlorlc add to the slurry. Continuously agitating the temperature of the slurry is raised to 60* C. 
In this temperature the slurry is agitated for 30 minutes, after which acid content of the slurry is set to 10g 
HCl/ltter by an addition of 37% hydrochloric add tor the formation of rutile formed crystals. The temperature 

so of this dispi -rsion is raised slowly under constant agitation to 90 ' C The slurry is cooked under agitation at 
this tempen Jure for 120 minutes. 

Finally, the slurry Is neutralized with sodium carbonate or sodium hydroxide so that the pH set les at 4.7 
to 4.8. if th> neutralization result is more basic the washing off of the sodium ions becomes moie difficult 
and if the r eutralization result is more acidic the washing off of the chloride ions becomes mon> difficult 

ss The neutral zed slurry is filtered and washed with (4 liters of) distilled water. The dry content of Hie filtrate 
cake is abo it 30%. An X-ray diffraction diagram was taken of the dried filtrate cake and the micros rystalline 
titanium dto dde is found to be of rutile crystal form. 

The tita tium dioxide filtrate cake is calcinated at a temperature of 500* C for one hour. As th< average 



Example! 
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crystal $i2e is measured about 25nm from the electron microscope picture of the calcinated rutile-formed 
product the distribution being from 10 to 50 nanometres. The sodium content of the calcinated product Is 
below 0.1% and the chloride content below 0.05%. The electron microscope picture of the create.i product 
is presenter In the attachment 1 together with a crystal size distribution diagram. 
5 The tlfc nlum dioxide free of salts is elutriated by means of dispersing agent into disfilled water as a 
thick slurry. The grinding is carried out in a sand mill. The crystals ground apart tram each other are after- 
dated acc irding to the planned use with an aluminum, silicon and/or zirconium compound. As recipe is 
used known recipes for the treatment of titanium dioxide pigments, such as e.g. Fl patent specification 
62130. 

jo The treated microcrystelline TJ0 2 is dried. Before drying orgsnio agent such as trlmethr.'lolethane 
(TME) or Shicone (see Fl patent specification 57124). The dried microcrystalline TIO2 Is spray-giound into 
finefy-dlvidc d powder having the particle size below 200nm. 

Example 2 

Microcr /StaJllne titanium dioxide was precipitated and calcinated as in example 1, and the oystal size 
obtained w? s 25nm. The water dispersion of the calcinated microcrystalline titanium dioxide was gi ound in a 
sand mill &: in example 1. The pigment slurry was diluted to a TKVcontent of 225g/liter and heated to the 
temperature 40* C. An amount corresponding to 0.5% of AbOs calculated on the TIO* of the slurry of acidic 

2D aluminum 5 jlfate solution was added to the slurry. During this addition the pH of the slurry sank to the value 
2.5. Tha s\\ rry was neutralized with sodium carbonate solution to the value 6.4. After the neutralization the 
treated trtaf ium dioxide pigment was recovered by filtering. The filtrate cake was washed with water from 
which the $ Ut9 had been removed by means of an ion exchanger. 4% of dimethylpolysiloxane calculated on 
the TlOa w.ts added to the washed filtrate cake. The pigment was washed and ground In a spray mill. The 

23 particle 8i» of the dried and spray-ground pigment was below 200nm. LDPEpJastic films were pri spared, to 
which diffe ertt amounts of microcrystaillne titanium dioxide was added. The thickness of the films was 
25pm and he contents of microcrystalline titanium dioxide were 0, 0-5, 1.0, and 2.0%. The ligrV and IA/- 
radiaiion pe rmeabilrties of these Aims were measured. Appendix 2. . 

aa Example 3 

A titanh im hydrate mass according to example 1 treated with base, which had been washed and filtered, 
was elutrlal 3d In water so that the concentration of the dispersion expressed as titanium dloxld. i is about 
iBOg^iter. * he temperature of the slurry was raised to 60 ' C under constant agitation. The acid » content of 
35 the slurry vas set by an addition of 37% hydrochloric acid to 10g HCWiter. The temperature of this 
dispersion s raised slowly under constant agitation to 90 *C, The slurry is cooked at this temperature for 
120 minute u 

The sk rry Is neutralized, filtered and washed as in example 1. The titanium dioxide filtrals cake is 
calcinated ti the temperature of 500 " C for one hour. The product produced is on the basis oi an X-ray 
40 diffraction c iagram rutile-formed microcrystalline titanium dioxide. Of the chemicals used in the preparation 
below 0.05 & of sodium has remained in the titanium dioxide on the basis of atom absorpiion spec- 
trophotomeiic determinations and below 0.15% of chloride on the basis of X-ray fluorescense (letermma- 
tions. 

45 Example 4 

The ppsclpitated mass according to example 1 being under agitation is finally neutralized 1> the pH- 
value of 6.( . The slurry is washed and filtered as in example 1 and calcinated at the temperature of 500 " C 
for one hotr In analysis with atom absorption spectrophotometer the Na-content of the pigment vas found 
so to be 7.1% and the Cl-content in X-ray fluorescense analysis 2B2 ppm. When this pigment is dk.persed In 
water, as h example 1, the slurry thickens to a thick mass so its grinding to finely-dividec particles 
becomes e Sremely difficult 

Example 5 

56 

The precipitated mass according to example 1 being under agitation id finally neutralized Ig the pH- 
vahie of 4.! . The slurry Is washed and filtered as in example 1 and calcinated at the temperature of 500" C 
for one hoi r. In analysis with atom absorption spectrophotometer the Na-content of the pigment was found 
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to be 0.01 9 > and the Cl-content in X-ray fluorescense analysis 0.23%. When this pigment is dispersed in 
water, as In example 1. the slurry thickens to a thick mass in the mill so that It cannot be ground us such In 
the sand m II. The only remaining means is to wash the salts off with a very abundant water wasJi after the 
calcination. 

s 

Example 6 



The fUt ate cake free from sulfates prepared according to example 1 is elutriated into distiiiec water so 
that the concentration of the slurry expressed in titanium dioxide Is about 95 to lOOg/Ker. The ijH of the 

iq slurry Is sei to 1-8 by adding 37% hydrochloric acid to the slurry. Under constant agitation the temperature 
of the dispt rsion Is raised to 60* C. At this temperature the solution is agitated for 30 minutes, a iter which 
the oxygen content of the slurry is set by a 37% hydrochloric acid addition to Sg HCWiter so as to produce 
rutite'form& I crystals. The temperature of this slurry is raised slowly under constant agitation to 80* C. The 
slurry is co< ked under agitation at this temperature for 120 minutes. 

16 Finally, the slurry Is neutralized as in example 1 to the pH-value 4.7 to 4.8 and washed as in e<ample 1. 
The crystal form of the precipitated and dried product was checked by an X-ray diffraction meth id. It was 
bund to be of rutile form. The crystal sl2e Is regulated by calcination parameters. 

Example 7 

so 

The flloate cake free from sulfates prepared according to example 1 is elutriated into distiiiec water so 
that the cor centratlon of the slurry expressed in titanium dioxide is about 140g/liter. The pH of thi. slurry is 
set to 1.8 t y adding 37% hydrochloric acid to the slurry. Under constant agitation the temperature of the 
slurry is rai ;ed to 60* a At this temperature the stony Is agitated for 30 minutes, after which th-i oxygen 

29 content of ihe slurry is set by a 37% hydrochloric acid addition to 10g HCI/fiter so as to produce rutile- 
formed crystals. The temperature of this slurry is raised slowly under constant agitation to 90* C. "i he slurry 
is cooked u idsr agitation at this temperature for 120 minutes. 

Finally, he slurry is neutralized as in example 1 to the pH-valuo 4.7 to 4.8 and washed as in e '.ample 1. 
The crystal form of the precipitated and dried product was checked by an X-ray diffraction methi »d- It was 

30 found to be of rutile form. 

Example 8 

The filtr its cake free from sulfates prepared according to example 1 is elutriated into distilled water so 
35 that the concentration of the dispersion expressed in titanium dioxide is about 120g/liter. The pH of the 
slurry Is sei to 1.8 by adding 37% hydrochloric acid to the slurry. Under constant agitation the temperature 
of the slum' Is raised to 80* C- At this temperature the slurry is agitated for 30 minutes, after which the 
oxygen con ent of the slurry is set by a 37% hydrochloric acid addition to 6g HCl/Hter. The temp rature of 
this slurry I j raised slowly under constant agitation to 90* C. The slurry Is cooked under agltati jo at this 
40 temperature for 120 minutes. 

Finally, he slurry Is neutrall2ed as in example 1 to the pH-value 47 to 4-8 and washed as In example 1. 
The crystal form of the precipitated and dried product was checked by an X-ray diffraction methyl. It was 
found to be of anatase form. The titanium dioxide filtrate cake \3 calcinated at the temperature of ! 00 ' C for 
one hour. In the calcination the product does not turn to rutile. 

Example 9 

Predpifcrted and washed rutile-formed titanium dioxide is calcinated according to example 1 n various 
temperature > for one hour. The crystal size can be handily regulated by changing the calcination conditions, 
go as appears ' rom the electron microscope pictures. 



ss 
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Table 

Tempera tore Crystal ei&e TO£ Size distrlbui:lcm 



400-C 


24nm 


25nm 


(33%) 


10-50nm 


500°C 


2 Sum 


25nm 


(37%) 


10-50nn 


550-C 


30 nm 


2 7 ma 


(33%) 


10-50mu 


600-C 


35nm 


31am 


(36%) 


lQ-60irm 


650~C 


45nm 


40ran 


(25%) 


10-70nm 



is Example 1( 

As tha starting materials of microcrystalline titanium dioxide is used a hydrochloric acid jotution of 
titanium tet -achloride (200g/IKer of TiOa and 345g/Hter of HCI) and sodium carbonate solution (250g/liter 
Na2C0 3 ). To a three-necked colonrte of two liters is poured on the bottom 638m! of sodium carbonate 
zo solution an<l 12ml of distilled water. To the middle opening of the three-necked colonne Is put a mixer and 
to the side openings a thermometer and a gauge tank of titanium tetracniorlde. The mixer is start -4 and the 
cotanne is heated with a surrounding heating mantle to a temperature Of about 40 C. To the colonne is. 
dropped 3Euml of titanium tetrachloride slowly from the gauge tank. The solution is agitated constantly but 
not heated. When all the titanium tetrachloride solution has been added the titanium dioxide conient In the 
, as slurry Is 9[g/Iiter and the hydrochloric acid content 10g/liter. The temperature of the dispersion Is raised 
slowly to 8t * C- Ai this temperature the slurry i3 agitated for 30 minutes. 

Finally, the slurry is neutralized with sodium hydroxide or sodium carbonate to the pH-value v.5. In this 
pH the filtn tion and wash are carried out most successfully. The precipitated rutile-formed titanium dioxide 
is filtrated i nd washed with two liters of distilled water. The dry content of the washed and filtrated cake is 
so about 30% and the measured Na-content below 0.1% and CKcontent below 0.05%. 

The wished and filtrated cake is calcinated at the temperature of 500* C for one hour. Hereby the 
average cr) stal size will be about 25 nanometers and the distribution 2Q-50nm. The agglomerates formed In 
the calcinal on are ground In the sand mill. A thick water dispersion Is prepared from the titanium lloxlde by 
using an c *ganic dispersion additive as an aid. The- grinding succeeds very well because tho titanium 
as . dioxide is s s free as possible from the salts. 

The cr/stals ground apart from each other are after-treated according to the planned use with 
aluminum, silicon or zirconium compounds. As the recipe is used known treatment recipes c«f titanium 
dioxide pigments, such as e.g. Fl patent specification 62130 (1960). 

The treated mierocrystalHne TiO* is dried. Before drying an organic material, such as trimethvlolBthane 
40 (TM5) or 6 licone, Is added, see Fl patent specification 57124 (1978). The dried microcrysiaini * Ti0 2 is 
ground to finely-divided powder having the crystal size of below 200nm. 

Example 1 ' 

45 The wcter dispersion of the calcinated microcrystalllne titanium dioxide was ground In a sane' mill as in 
example K . The pigment slurry was diluted to the TI02-content 225g/liter. The pigment slurry w as heated 
to 40* c. ~io the slurry was added solution containing aluminum In an amount corresponding li> 4.5% of 
AI2O3 calci lated on the T1O2 of the slurry and solution containing zirconium in 0.7% calculated on the TlCfe. 
After this a solution containing silicon was added to the solution to 2.2% of SfOz calculated on the* TiCfc and 

so the mlxtUK was agitated. After neutralization the treated titanium dioxide pigment was recovered by 
filtration- Tl e filtrate cake was washed with water, from which the salts had bean removed by tin? aid of an 
Ion exchanger. Trimethylolethane was added to the washed filtrate cake and it was dried and Finally ground 
in a spray mill. The particle size of the dried and spray-ground pigment was below 2QGnm. The coating 
contents of the T1O2 analyzed from the end product were 4.0% of AkOa. 2.2% of SiOz, 0-4% of 2'r, 0.7% of 

as C. 

Example 1" 
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A mas* under agitation according to example 10 precipitated from titanium tetrachloride soution and 
sodium canonate solution is finally neutralized to thepH-valve 6.0. Tlie slurry is washed and filtnted as in 
example 1C and calcinated at the temperature of 500 * C for one hour. In the analysis the Na-comont of the 
pigment is 'K9%. When this pigment is dispersed into water as in example 10, the slurry becomes thick. 

s 

Example M 

A mass under agitation according to example 10 precipitated from tttanlum tetrachloride solution and 
sodium car. wnate solution is finally neutralized to the pH-value 3,0. The stony is washed and fiHnrted as in 
to example 8, but the filtration does not succeed but the slurry penetrates the cloth of the filter. 

Example 1* 

Rutile-* >rmed titanium cf oxide precipitated and washed according to example 10 is calcinated rn various 
ts temperature s for one hour. The crystal size can be handily regulated by changing the calcination conditions. 



Tab le 

Tennexafcoge Crystal size ' Top Size dis tribution 



25 



400<>C 


2 2nm 


22nm 


(42%) 


10-40nro 


500' HI 


25rtm 


2 3 nm 


(40%) 


l0-45nm 


550 S C 


26nm 


26nm 


(35%) 


l0-50nm 


600 'C 


30mn 


31nm 


(30%) 


10-50mn 


700 >C 


42nm 


32nm 


(24%) 


10-SOnm 



30 

Claims 

1. Methot of preparing microorystalllne titanium dioxide, having the crystal size <100nm, In whlcH 
as a) tf e solid titanium dioxide hydrate is treated with a base, 

b) tf e precipitate treated with the base is treated with hydrochloric acid, and 

c) tf e precipitate treated with the base and the hydrochloric acid is neutralized, 
characterized in that the base treatment of the stage a) is carried out to an alcatine pH- value and 
the inal hydrochloric acid content Is adjusted 8 to 25g/liter for the precipitation of the mic rccryst^ 

ao line titanium dioxide. 

2. Methoc according to Claim 1 . characterized in that the neutralization of the stage c) is carried out to a 
pH-vali e of about 4.0 to 6.0. 

4S 3. Methoc according to Claim 1 or 2, characterized in that the titanium dioxide hydrate is propped from 
unpurif ed titanium dioxide rawtnaterial by a sulfate process I.e. by means of sulphuric acid treatment, 
dissolu ion, separation and hydrofytic precipitation. 

4. Methoc according to any of the claims 1, 2 or 3, characterized In that the precipitation treated with 
so base i* at the stage b) in the form of slurry having the content of at least 70g/liter. preferably 70 to 

180g/L 

5. Methoc according to any of the preceding claims, characterized in that the treatment of the rtage a) Is 
carried out so that the base concentration corresponds to a size class of about 300 to 350g NaOHflter 

ss of hbO 

6. Methoc according to any of the preceding claims, characterized in that the treatment of the Mage a) (s 
carried out with a base solution of sodium hydroxide at an elevated temperature. 
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7. Method according to Claim 6. characterized In that the stage a) Is carried out by adding the base 
solution at a temperature of about 60" C, then raising the temperature for about 2 hours to atomt 85" C, 
and wa- .fling with hot water. 

e 8. Method according to any of the preceding claims, characterized in thai the stage b) is carri' id out fay 
precipitrtmg the solid product obtained from the stage a) into water to form a slurry, by raising the 
temper Aure of the slurry to about 60* C and then adjusting the concentration of the hydrochloiic acid to 
the mentioned final sulphuric acid content of the stage b). 

jo 3. Method according to Claim 6, characterized in thai the concentration of the slurry prepared in the 
beglnni lg of the stage b) is about 95 to I80g/lfter. 

10. Method according to Claim B or 9, characterized in that before raising the temperature of th< slurry to 
about 63" C the pH of the slurry is by means of hydrochloric acid set to the value about 1.5 to 2d. 

11. Method according to Claim 8. 9. or 10, characterized in that to the mentioned pH-value of th» slurry is 
set to a wut 1,8, 

12. Method according to any of the preceding Claims, characterized in fhat in the stage b) 37% 
20 hydrocl loric acid Is used. 

13. Method according to any of the preceding Claims, characterized in that to the final hydrocr loric acid 
content of the stage b) is adjusted to about 8 to 12g/liter, preferably about 10g/|iter_ 

35 14. Method according to any of the preceding Claims, characterized In that after the final hydrochloric 
acid co tent of the stage b) has been reached the temperature is raised to at least 90* C and ihe slurry , 
is cook' mJ for about 120 minutes. 

15. Method according to any of the preceding Claims, characterized In that the neutralization of toe stage 
30 c) is ca Tied out with sodium carbonate or sodium hydroxide, after which the product obtained is filtered 
and wa thed. 

15. Method according to any of the preceding Claims, characterized In that it also comprises a stage d), 
in which the solid product of the stage c) is calcinated e,g. at a temperature of 350 to aoo* C. 

as. 

17. Method according to Claim 13, characterized In that the crystal size of the microcrystalfinK titanium 
dioxide is adjusted by means of the calcination temperature. 

16. Method according to any of the preceding Claims, characterized "in that the further treating stage d) at 
40 least cc mprises any of the following: 

grlndln; i, 

treatme nt with aluminum and/or zirconium compound, 
treatment with siHcon-containing inorganic compounds, 
45 treatrne nt with sulphuric acid, 

treatme nt with organic additives. 

19. Use of the method according to any of the preceding claims for the preparation of a rutile-formed . 
microci ystalllne titanium dioxide. 

so 
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Appendix lb 




t 

25 



37,5 



50. nm 
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. Appendix 2 

TRANSMISSION CURVES OF LDPE FILMS 
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0 A new method of preparing titanium dioxide. 

0 The invention re ates to a method of preparing 
microcrystaJIine titani jm dioxide, in which 

a) the solid titan urn dioxide hydrate is treated 
with a base. 

b) the precipitate treated with the base is treated 
with hydrochloric ;icid, and 

c) the precipitate treated with the base and the 
hydrochloric acid e neutralised- 

It has been noti<J that usable rutile crystals, a 
more appropriate crrstal size and crystal size dis- 
tribution and that chemicals can be saved if as the 
final hydrochloric at id content of the stage a) is 
adjusted a lower vah e than usually, being about B to 
25g/lrter. for the precipitation of microcrystaJIine 
titanium dioxide. H<reby the neutralization of the 
stage c) can also be carried out by raising the pH to 
a higher value than dually, i.e. the value about 4.0 
to 6.0. 
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